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ABSTRACT

Background: Previous studies on alcohol drinking and health largely
have ignored the potential impact of the timing of drinking.
Objectives: We aimed to investigate the joint associations of the
timing of alcohol intake with respect to meals (i.e., with meals or
outside of meals) and the amount of alcohol consumed with the risk
of type 2 diabetes (T2D).

Methods: A total of 312,388 current drinkers from the UK Biobank
without T2D at baseline were included. Cox proportional hazards
models were used to examine the association between the timing of
alcohol intake with respect to meals and the risk of T2D.

Results: During a median of 10.9 y of follow-up, 8598 incident cases
of T2D were documented. After adjustment for covariates and the
amount of alcohol consumed, consuming alcohol with meals was
significantly associated with a 12% lower risk of T2D (HR: 0.88;
95% CI: 0.83, 0.93) than was consuming alcohol outside of meals.
In addition, we found that the timing of alcohol intake with respect
to meals significantly modified the relations between the amount
of alcohol consumed and risk of T2D (P-interaction = 0.017); the
beneficial association of moderate drinking with T2D risk was only
observed in participants who consumed alcohol with meals, but not
in others. Further analyses on various types of alcoholic beverages
indicated that the beneficial associations between alcohol drinking
with meals and T2D were mainly driven by wine consumption.
Moreover, we found that when consumed together with meals,
drinking more wine, rather than other alcoholic beverages, was
related to lower concentrations of C-reactive protein.

Conclusions: In current drinkers, moderate drinking of alcohol,
especially wine, with meals is associated with a lower risk of T2D.
Am J Clin Nutr 2022;116:1507-1514.
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Introduction

Alcohol drinking has both adverse and beneficial effects on
health. Undoubtedly, the harmful use of alcohol is a leading

cause of death and disability worldwide (1), whereas moderate
drinking when alcohol is consumed in an appropriate way
may be beneficial (2). The benefits of moderate drinking on
glucose metabolism have been documented in several well-
designed clinical trials (3-7). A long-term (2-y), large-scale
clinical trial indicated that initiating moderate wine intake as part
of a dinner significantly decreased fasting glucose concentrations
and improved insulin resistance in well-controlled diabetics (3).
Another randomized clinical trial showed that consumption of
30 g alcohol/d with meals had significant beneficial effects on
insulin and insulin sensitivity in nondiabetic postmenopausal
women (4). However, it is still unclear whether such benefits
on glucose metabolism will translate into a reduction in type
2 diabetes (T2D). The relation between moderate drinking
and T2D is controversial. Some (8-10), but not all (11—
13), previous prospective studies have shown that moderate
drinkers have a lower risk of T2D than nondrinkers and heavy
drinkers. Intriguingly, we noted that the alcoholic beverages
were usually served with meals in those clinical trials that
have detected beneficial effects of moderate alcohol intake on
glucose metabolism (3-7). Therefore, we hypothesized that the
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association between alcohol intake and risk of T2D might differ
by the timing of alcohol intake with respect to meals. Prior
studies have largely ignored the potential impact of the timing
of drinking.

In this study, we aimed to investigate the joint associations
of the timing of alcohol intake with respect to meals and the
amount of alcohol intake with the risk of T2D and T2D-related
biomarkers. Notably, to minimize the systematic differences
between drinkers and nondrinkers (14), which might lead to an
overestimate of protective effects from moderate drinking, all the
analyses were restricted to healthy current drinkers.

Methods

Study population

The UK Biobank Study is a population-based cohort study;
the study design and methods have been described in de-
tail previously (15). In brief, >0.5 million participants aged
37-73 y were recruited at 22 assessment centers throughout
England, Wales, and Scotland from 2006 to 2010. In this study,
our analyses were restricted to current drinkers at baseline
(current drinkers were defined by indication of drinking alcohol
based on an alcohol intake frequency questionnaire and alcohol
consumed >0 g/wk) (n = 377,608). We excluded participants
with T2D, cardiovascular diseases, or cancers at baseline
(n = 57,785); participants with incomplete data on the timing
of alcohol intake with respect to meals (n = 204); participants
who had reduced their alcohol consumption owing to illness or
doctor’s advice (n = 6998); and pregnant women (n = 233). A
total of 312,388 participants were included in the final analysis
(Supplemental Figure 1).

Assessment of exposure

A touch-screen questionnaire at baseline was used to collect
information on the frequency of alcohol intake, the usual average
consumption of each type of alcoholic beverage, the timing of
alcohol intake with respect to meals, approximate changes in
alcohol consumption, and the reason for reducing the amount
of alcohol drunk. Alcohol intake (g/wk) was calculated by the
quantity of each type of drink (red wine, white wine, beer/cider,
fortified wine, and spirits) multiplied by its standard drink size
and reference alcohol content (1 unit-equivalent described as
containing 8 g of pure alcohol; 125 mL wine = 1.6 unit-
equivalents, 1 pint of beer (586 mL) = 2.6 unit-equivalents,
25 mL spirits = 1 unit-equivalent, 62.5 mL fortified wine = 1
unit-equivalent) (2). In the main analysis, we categorized weekly
alcohol consumption (total, wine, and beer) in grams into 4
categories: >0 to <50 (reference), >50 to <100, >100 to <200,
and >200 g/wk. Because of the relatively narrow range for liquor
consumption, we categorized weekly ethanol intake from liquor
into 3 categories: >0 to <50 (reference), >50 to <100, and
>100 g/wk.

Information on the timing of alcohol intake with respect
to meals was collected with the following question. After
identifying the participant was a current drinker, each participant
was asked, “When you drink alcohol is it usually with meals?”
Participants selected either “yes,” “no,” “it varies,” “do not
know,” or “prefer not to answer.” Participants who responded
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“do not know” or “prefer not to answer”” were considered to have
missing information and then excluded from the analysis.

Assessment of outcome

Information on the diagnosis of T2D was ascertained using the
first occurrence variables in the UK Biobank (data field 130709).
In brief, information on diagnosis of T2D was predominantly
based on primary care data, hospital admission data, and to a
lesser extent on self-reported data. Incident T2D was defined by
International Classification of Diseases (ICD), Tenth Revision
code E11 (the Read codes of primary care have been translated
to ICD codes: https://biobank.ndph.ox.ac.uk/showcase/ukb/doc
s/first_occurrences_outcomes.pdf). Follow-up time was counted
from the date of the assessment center visit until the date of
diagnosis of T2D (until 1 February, 2020), the date of loss to
follow-up, or the date of death, whichever came first.

According to previous studies (3, 5), several T2D-related
biomarkers of interest [C-reactive protein (CRP), HDL choles-
terol, and glycated hemoglobin (HbAlc)] were selected in
this study. We chose CRP as the research target because
CRP is a marker of low-grade systemic inflammation, and
the anti-inflammatory effect is one of the important biological
mechanisms underlying the beneficial association of alcohol
consumption with risk of T2D (16, 17). Because the dose—
response relation of alcohol intake with HDL cholesterol has been
well established in previous studies, we chose HDL cholesterol
for comparison with other analyses in this study. HbAlc is
an important indicator of long-term glucose metabolism. Blood
samples were collected at baseline (2006-2010). CRP (mg/L) and
HDL cholesterol (mmol/L) were measured by immunoturbidi-
metric assay on a Beckman Coulter AU5800; HbA 1¢ (mmol/mol)
was measured by HPLC analysis on a Bio-Rad VARIANT
II Turbo. Calibration and quality control were conducted
according to the manufacturer’s recommendations. Details of
these measurements can be found on the UK Biobank website
(https://biobank.ctsu.ox.ac.uk/showcase). Because nearly half of
CRP values fell between 0 and 1 and the distribution was right-
skewed, log (units + 1) of CRP values were used in all analyses.

Assessment of covariates

Age, sex, race and ethnicity (self-identified), Townsend depri-
vation index (TDI; a composite measure of deprivation based
on unemployment, non—car ownership, non-home ownership,
and household overcrowding; a negative value represents high
socioeconomic status), smoking status (current, past, never),
physical activity, diet, and family history of diabetes were
obtained from touch-screen questionnaires. Height was measured
by a Seca 202 height measure. Weight was measured to the
nearest 0.1 kg by the Tanita BC-418 MA body composition
analyzer. BMI (in kg/m?) was calculated as weight (kg) divided
by height in meters squared (m?). Physical activity [metabolic
equivalents (METS) min/wk] was calculated according to the
International Physical Activity Questionnaire short form: 1 min
walking = 3.3 METS, 1 min moderate physical activity = 4
METS, and 1 min vigorous physical activity = 8 METS. Healthy
diet score was evaluated by red meat intake (below median),
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TABLE 1 Baseline characteristics according to the timing of alcohol intake with respect to meals'

No It varies Yes
n (%) 63,038 (20.2) 112,178 (35.9) 137,172 (43.9)
Age,y 55.0+8.2 54.9 + 8.0 57.1+7.8
Female 23,770 (37.7) 54,378 (48.5) 81,822 (59.6)
Whites 60,739 (96.4) 108,127 (96.4) 131,601 (95.9)
BMI, kg/m? 27.6 £4.5 272+43 26.5+4.3
Physical activity, METS min/wk 3211.6 £4424.4 2779.5 £+ 3609.8 2681.0 £ 3282.3
Current smoker 11,393 (18.1) 11,982 (10.7) 8350 (6.1)
Healthy diet score 25+13 28+1.2 30£1.2
TDI —0.9 +£32 —-1.6£29 —-1.9+27
Hypertension 35,606 (56.5) 58,769 (52.4) 70,997 (51.8)
High cholesterol 8820 (14.0) 13,475 (12.0) 17,084 (12.5)
Family history of diabetes 13,014 (20.6) 22,578 (20.1) 26,792 (19.5)
Regular drinking (>3 times/wk) 32,457 (51.5) 68,854 (61.4) 80,497 (58.7)
Total alcohol intake, g/wk, median (5th-95th 129.6 (15.2-728.0) 129.6 (20.0-598.4) 89.6 (12.8-422.4)
percentiles)
Proportion of wine, % 295+ 374 56.9 £344 783 +£27.5
Proportion of beer, % 54.0 +41.8 32.0 +33.7 154 +25.0
Proportion of liquor, % 16.5 +30.3 11.1 £20.1 6.3 £13.9

"Values are n (%) or mean =+ SD unless otherwise indicated. METS, metabolic equivalents; TDI, Townsend deprivation index.

vegetable intake (median or above), fruit intake (median or
above), fish intake (median or above), and processed meat intake
(below median); 1 point was given for each favorable diet factor
and the total diet score ranged from O to 5; a healthy diet was
defined as a diet score >3 (18, 19). Hypertension was defined as
a self-reported history of hypertension, a systolic blood pressure
>140 mm Hg, a diastolic blood pressure >90 mm Hg, or taking
antihypertensive medications. High cholesterol was defined as a
self-reported history of high cholesterol or taking

Statistical analysis

Baseline characteristics were described as means £ SDs or
median [IQR] for continuous variables and n (%) for categoric
variables across the categories of the timing of alcohol intake
with respect to meals. Cox proportional hazards models were
used to evaluate the association between the timing of alcohol
intake with respect to meals and the risk of T2D. The proportional
hazards assumption was tested by the Kaplan—-Meier method
and Schoenfeld residuals method. A general linear model was
used to evaluate the associations between the timing of alcohol
intake with respect to meals and CRP concentrations, HDL
cholesterol concentrations, and HbAlc levels. We adjusted for
several confounders including age (y), sex, race and ethnicity
(white European, mixed, Asian, black, others), TDI (continuous),
BMI (continuous), smoking status (current, past, never), physical
activity (METS min/wk), healthy diet score, hypertension (no or
yes), high cholesterol (no or yes), and family history of diabetes
(no or yes). For analyses which included HDL cholesterol
and CRP concentrations, we also adjusted for fasting time.
To evaluate interactions between the timing of alcohol intake
with respect to meals and alcohol consumption, multiplicative
interaction was assessed by adding interaction terms to the Cox
models or general linear model. To test the trend of alcohol
consumption within each group, the linear trend was evaluated by
assigning the median of the amount and modeling this variable
continuously. To test departure from linearity, a linear and a
quadratic term were included in the model. Several stratified

analyses were performed to evaluate potential modification
effects by the following factors: sex (women or men), age (<60
or >60 y), race (whites and nonwhites), current smoking (no or
yes), BMI (<30 or >30), physical activity (<600 MET min/wk
or >600 MET min/wk), healthy diet (no or yes), TDI (quintile 1,
quintile 2 to quintile 4, and quintile 5), hypertension (no or yes),
high cholesterol (no or yes), and drinking frequency (<3 or >3
times/wk).

All P values were 2-sided and P < 0.05 was considered
statistically significant. All statistical analyses were conducted
using SAS version 9.4 (SAS Institute Inc.).

Results

Baseline characteristics of the study participants

Table 1 shows participants’ baseline characteristics according
to the timing of alcohol intake with respect to meals. Compared
with participants who consumed alcohol outside of meals or those
who had varying patterns, participants who consumed alcohol
with meals were more likely to be older and female; be non—
current smokers; have a higher healthy diet score; have lower
BMI, physical activity levels, and TDI; as well as have lower
prevalence of hypertension and high cholesterol. In addition,
participants who consumed alcohol with meals drank less alcohol
overall but were more likely to be a regular drinker (frequency of
alcohol drinking >3 times/wk) and prefer wine than those who
consumed alcohol outside of meals or those who had varying
patterns.

The joint associations of timing of alcohol intake with
respect to meals and amounts of alcohol intake on the risk of
T2D

During a median follow-up of 10.9 y, we documented 8598
incident cases of T2D. After adjustment for age, sex, race, BMI,
physical activity, smoking, healthy diet, TDI, hypertension, high
cholesterol, and family history of diabetes, a higher proportion of
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TABLE 2 The association between timing of alcohol intake with respect to meals and risk of type 2 diabetes'

No It varies Yes P-trend
Cases, n (%) 2328 (3.7) 3033 (2.7) 3237 (2.4)
Model 1, HR (95% CI) 1 (reference) 0.92 (0.87, 0.97) 0.88 (0.83, 0.93) <0.001
Model 1 + alcohol consumption, 1 (reference) 0.93 (0.88, 0.98) 0.86 (0.82,0.91) <0.001
HR (95% CI)
Model 1 + frequency of drinking, 1 (reference) 0.94 (0.89, 0.99) 0.89 (0.84, 0.94) <0.001
HR (95% CI)
Model 2, HR (95% CI) 1 (reference) 0.94 (0.89, 0.99) 0.88 (0.83, 0.93) <0.001

'Model 1 adjusted for age, sex, race, BMI, physical activity, smoking, healthy diet score, Townsend deprivation index, hypertension, high cholesterol,
and family history of diabetes. Model 2 further adjusted for alcohol intake level and frequency of drinking on the basis of model 1.

consuming alcohol with meals was significantly associated with a
lower risk of T2D (P-trend < 0.001). Compared with participants
who consumed alcohol outside of meals, the adjusted HRs were
0.92 (95% CI: 0.87, 0.97) for participants who had varying
patterns and 0.88 (95% CI: 0.83, 0.93) for participants who
habitually consumed their alcohol with meals. These results did
not change appreciably after further adjustment for the amount
of alcohol intake and frequency of drinking (Table 2). Because
the inverse association might be due to a greater proportion of
women, a healthier lifestyle, a higher socioeconomic level, a
higher frequency of drinking, or a lower prevalence of other
chronic diseases in participants who consumed alcohol with
meals than in others, we also performed stratified analyses
according to the foregoing confounding factors. We did not find
significant interactions between habitually consuming alcohol
with meals and these risk factors on the risk of incident T2D
(Supplemental Table 1).

For total alcohol consumption, we observed a U-shaped
association between the total amount of alcohol intake and risk
of T2D (P-quadratic trend = 0.005); the “moderate drinking”
group (>100 to <200 g/wk) was associated with the lowest
risk of T2D (HR: 0.89; 95% CI: 0.83, 0.96) as compared with
the lowest level of total alcohol amount (>0 to <50 g/wk)
(Supplemental Figure 2A). Further analyses on various types
of alcoholic beverages indicated that wine, beer, and liquor had
differential associations with the risk of T2D. Higher amount
of wine intake was associated with a lower risk of T2D (P-
trend < 0.001), whereas higher amount of beer or liquor intake
was associated with a higher risk of T2D (P-trend = 0.034
and 0.034, respectively) (Supplemental Figure 2C, D). For the
frequency of alcohol intake, participants drinking >3-4 times/wk
was associated with a lower risk of T2D than for those who drank
<1 time/wk (Supplemental Table 2).

The joint analysis indicated that total alcohol consumption was
differently related to the risk of T2D according to the timing
of alcohol intake with respect to meals (P-interaction = 0.017)
(Figure 1A). Total alcohol consumption was not associated with
the risk of T2D in participants who consumed alcohol outside
of meals and those who had varying patterns (P-trend = 0.32
and 0.77, respectively), whereas an inverse association was
observed in participants who habitually consumed alcohol with
meals (P-trend = 0.002). Similar results were also observed
after including never drinkers and past drinkers and using
never drinkers as the reference group (Supplemental Figure

3). When analyzing various types of alcoholic beverages, a
similar significant interaction pattern was observed for wine (P-
interaction = 0.015) (Figure 1B), but not for beer or liquor
(Figure 1C, D).

The joint associations of timing of alcohol intake with
respect to meals and alcohol consumption on T2D-related
biomarkers

As expected, we observed that a higher proportion of consum-
ing alcohol with meals was associated with lower concentrations
of CRP, lower levels of HbAlc, and higher concentrations of
HDL cholesterol independent of the amount of alcohol intake and
the frequency of drinking (all P-trend < 0.001) (Supplemental
Table 3). Higher frequency of alcohol intake was also associated
with favorable concentrations of CRP, levels of HbAlc, and
concentrations of HDL cholesterol (Supplemental Figure 4).

We observed a U-shaped association between the total
amount of alcohol intake and CRP concentrations; the lowest
concentration of CRP was observed in the “moderate drinking”
group (>100 to <200 g/wk) (P-quadratic trend < 0.001).
Further analyses on various types of alcoholic beverages
indicated that wine, beer, and liquor had differential asso-
ciations with CRP concentrations; higher wine consumption
was associated with lower concentrations of CRP (P-quadratic
trend < 0.001), whereas higher beer or liquor consumption
was significantly associated with higher concentrations of CRP
(both P-trend < 0.001, respectively) (Supplemental Figure SA).
Intriguingly, the joint analyses indicated that the association
of alcohol consumption with CRP concentrations appeared to
be different according to the timing of alcohol intake with
respect to meals. For total alcohol consumption, a J-shaped
association was observed in participants who consumed alcohol
outside of meals, whereas a reverse J-shaped association was
observed in participants who consumed alcohol with meals
(P-interaction < 0.001) (Figure 2A). When analyzing various
types of alcoholic beverages, a similar significant interaction
pattern was observed for wine (P-interaction = 0.01), but not
for liquor (P-interaction = (0.988). The positive associations
of beer consumption with CRP concentrations also appeared
to be attenuated as the proportion of alcohol consumed with
meals increased, although the P value of interaction was not
statistically significant (P-interaction = 0.057) (Supplemental
Figure 6A).



Alcohol intake and type 2 diabetes 1511
Total alcohol Wine
A B
P-interaction=0.017 P-interaction=0.015
§ 14 1 P-trend '=0.32 P-trend '=0.77 P-trend '=0.002 § 1.4 4 P-trend '=0..43 P-trend '=0.10 P-trend '<0.001
oL & R
S S, . .
= 12 a T
a
s T g 4 [ ] T
5 T S— 51 A L i T S
= 1 a T 1
JUE I B IS
£ 1 Il m 1 T g 08 N -
£ 081 | 1 1 1
T I i
§ 06 . z 061 C ing alcohol with meal: ~ ANo MItvaries ® Ye
= .6 Consuming alcohol with meal: ANo It varies Yes = onsuming alcohol with meal: No t varies es
0.4
0.4 N 45
Y Q, . 0
Alcohol intake 0-3,,‘7\50.3 \100 \?00( Aﬂ Asﬂ \lpa \A?go Aoa Xy 0y <2, Alcohol intake a,, > \100%\200 0 'I”Aso \100'7 \20” Aﬂ AS@ \100 $300
(g/week) 5, ¥y, a7 50 a_ o 20, 00y (g/week) 7 535y g, M s, d a,,d oo
o) o 0 2’22 0”' 0, 20, 420570 0, 2 AN S, g, 0 0 [y, 2””( /’90 ”’ %, 09, 22,
s St s, T 08 NG, () %30, S 8 Sep s, V7 Os
g 05 s S S0, s N 55, 013, 99, T s9y V32, 755 04 Do S35
Y <0, ‘G 55 Loy g ) Y T T, 9) 503, %, B 3
7 92 ﬂq@ 2) 3y A ) e 0, 35 ) Z 0) Jq/) ?) qu,) 3 7s)
Beer .
C D Liquor
P-interaction=0.212 . .
P-interaction=0.646
P-trend '=0.23 P-trend '=0.03 P-trend '=0.92 P-trend '=0.048 P-trend '=0.32 P-trend '=0.61
1.4
2 1.4
N
S 12 : n 12 A [ m
g i \
= 1 m. W 1 A FFUNN. TR S S N—
& 1 A
g
£ 08 0.8
&
-
g 06 0.6 ) ) ! )
3 . Consuming alcohol with meal:  ANo ®It varies ® Yes Consuming alcohol with meal: ANo MItvaries ® Yes
=
0.4 0.4
. S Js, Q, N
’?]j"h“:(;""’ke a ;soaad\laﬂ ;200 0, A50 7 %, é"an =0, 0y \So n \100 A<’00 ”ﬂl;,,js”a d"ﬂv . Aoa,ld <5, 2 \100 Aﬂ‘,"d \As”a,, \100(
g/weel TPAY) < / g EN 7, g 30, " 1g, "~ s,
. %, 2y, <1 gy gy 1,0, 0 o oy, . S0, Ng) TS5 14,
7S, 3(/)\ ﬂ,}]\/@o (,,\ 0,}\ 00(/ J/D) /»,\ 2 001\200{ 9(93) 0\/?9 0% 0)\ 0(’\ /9&} /,,\ 0(}}\/,95/
%) g ‘o Clay ly X Sy Oss, T s{y 0. J9s. s
7 Py, Y ‘“9; Ry Ty Ty T, VY Y %3 Oy
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Moreover, higher amount of total alcohol intake was associated
with lower levels of HbAlc and higher concentrations of HDL
cholesterol in a dose-response fashion, respectively. Similar
associations were observed for various types of alcoholic bev-
erages (Supplemental Figure 5B, C). The joint analyses showed
that the favorable associations of total amount of alcohol intake
with HbAlc levels were stronger in participants consuming their
alcohol with meals than in those consuming alcohol outside
of meals (P-interaction < 0.001) (Figure 2B). When analyzing
various types of alcoholic beverages, similar interaction patterns
were observed for wine but not for other alcoholic beverages
(Supplemental Figure 6B). The favorable associations of alcohol
intake with HDL cholesterol also appeared to be stronger in
participants who consumed their alcohol with meals than in
others (Figure 2C, Supplemental Figure 6C).

Discussion

In this large population-based cohort study in 312,388 healthy
current drinkers from the UK Biobank, we found that moderate
alcohol intake with meals was significantly associated with a
lower risk of T2D than drinking outside of meals, independent
of the amount and frequency of alcohol intake. The beneficial

associations between alcohol drinking with meals and T2D were
mainly driven by wine consumption.

Emerging evidence has indicated that the timing of alcohol
intake with respect to meals is related to health outcomes,
independent of the amount of alcohol consumed. Our previous
study showed that consuming alcohol with meals was associated
with lower risks of all-cause mortality, CVD mortality, and
cancer mortality than was consuming alcohol outside of meals
(2). A large cohort study from the United Kingdom showed
that habitually consuming alcohol with meals was related to a
31% lower risk of liver cirrhosis than was consuming alcohol
outside of meals (20). For T2D, only a subgroup analysis in the
Health Professionals Follow-Up Study reported a null association
between the timing of alcohol intake with respect to meals
and risk of T2D, probably due to the relatively small sample
size (21,511 participants) and short period of follow-up (4 y)
(21). In the present study, we took advantage of the large
sample size of the UK Biobank and long period of follow-up
to show that consuming alcohol with meals was significantly
associated with a lower risk of T2D than was consuming alcohol
outside of meals. The consistent results of stratified analyses
of confounding factors also ensured the robustness of our
findings.
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hemoglobin; HDL-C, high-density lipoprotein cholesterol.

A novel finding in this study was that alcohol consumption
was differently related to risks of T2D according to the timing
of alcohol intake with respect to meals. The observed favorable
association of moderate drinking with T2D risk in participants
who habitually consumed alcohol with meals was supported
by several long-term well-designed feeding studies (3-7). In
all these studies, the alcoholic beverages used for testing were
usually served with meals. For instance, the longest (2-y)
intervention trial to date showed that moderate wine intake, as
part of a dinner, significantly decreased HbAlc levels, fasting
glucose concentrations, and improved insulin resistance in well-
controlled diabetic patients (3). Moreover, a previous study
indicated that co-ingestion of alcoholic beverages with white
bread significantly reduced the glycemic response of white bread
(postprandial blood glucose) (22). On the other hand, potential
adverse effects of consuming alcohol outside of meals were also
documented in a previous study; a short-term clinical trial found
that participants in the fasting state consuming a glucose solution
with alcohol significantly increased the 2-h glucose response by
18% in comparison with the pure glucose solution (23). Taken
together, our findings highlight the importance of considering the
timing of alcohol intake with respect to meals when investigating
the relation between the amount of alcohol intake and the risk of
T2D.

For T2D-related biomarkers, we found that the beneficial
associations between the amount of alcohol intake and levels
of HbAlc were stronger in participants who consumed alcohol
with meals than in those who did not. Because HbAlc is an
important indicator of long-term glycemic control, the results
further support our findings on T2D. Intriguingly, distinct
relations between the amount of alcohol intake and CRP
concentrations were observed in participants with different
timing of alcohol intake with respect to meals. In participants
who consumed alcohol with meals, a higher amount of alcohol
intake was associated with lower concentrations of CRP, but it
was associated with higher concentrations of CRP in participants
who consumed alcohol outside of meals. The precise mechanisms
underlying the observed interactions remain unclear. In addition
to slowing the absorption of alcohol, 3 previous clinical trials
indicated that consuming alcohol with meals might more quickly
and effectively reduce the oxidative stress caused by meals

than does consuming alcohol outside of meals, and it is known
that oxidative stress is closely related to glucose metabolism,
lipid metabolism, and inflammation (24-26). More experimental
studies are needed to explore how the timing of alcohol
intake affects the association of alcohol consumption and health
outcomes.

Moreover, further analyses on various types of alcoholic
beverages indicated that the beneficial associations between
alcohol drinking with meals and T2D or T2D-related biomarkers
were mainly driven by wine consumption. It is unclear whether
such unique beneficial associations related to wine consumption
are due to the nonalcoholic components (mainly polyphenols)
in wine or the healthier lifestyle profiles in wine drinkers than
in non—-wine drinkers (27, 28). Previous clinical trials indicated
that wine seemed to confer greater anti-inflammatory effects
than other alcoholic beverages owing to the anti-inflammatory
properties of polyphenols (29, 30). However, the systemic
bioavailability of polyphenols in wine is also argued to be low
and not enough to produce health benefits (31).

The major strengths of our study include the large sample
size, the wealth of information on alcohol consumption, and the
covariates. In addition, to minimize the selection bias and reverse
causality, which may lead to an overestimate of protective effects
from moderate drinking (14), we limited our study participants to
healthy current drinkers and excluded participants who reduced
their alcohol intake owing to health-related problems. We also
acknowledged that our study had several potential limitations.
First, the specific ingredients of the meals ingested with the
alcoholic beverages were not collected in this study. A previous
study showed that the inverse association of alcohol consumption
and T2D appeared to be stronger in participants with a higher-
glycemic-load food intake (32). Second, the specific time of the
meals was not collected in this study, either. Two previous studies
showed that consuming alcohol at dinnertime might provide
additional benefits through improving sleep quality (3, 5). Third,
the majority of our participants are white European and it is
unknown whether our findings could be generalized to other
populations (33). Fourth, T2D cases were ascertained based on
national health data sets (primary care, hospital admissions, and
the death register data) in this study, which may not fully capture
all T2D cases.



Alcohol intake and type 2 diabetes 1513

In conclusion, our study indicates that moderate drinking
of alcohol, especially wine, with meals was associated with a
lower risk of T2D in healthy current drinkers. Our findings
emphasize the importance of considering the timing of alcohol
intake in the relation between alcohol consumption and risk of
T2D.
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